are obtained by other reasonable assumptions. If we take into consideration the fact that the C-CI bond of this molecule has the possibility of larger ionic character, as evidenced by the abnormally larger C-CI distance in propargyl chloride,4 the electrostatic potential may be larger than that calculated above and come nearer to the observed value. Thus, we can safely conclude the hindering potential of this molecule is mainly due to the electrostatic interaction of the dipoles in the rotating groups.
It should be mphasized that the moments obtained in benzene solution are almost the same as those in carbon tetrachloride, and, in particular, they show an increase with temperature. This result stands out in sharp contrast to that of dichloroethane,o which indicated an abnormally larger dipole moment in benzene solution. This "benzene effect" was interpreted by the assumption 5 that their molecules associate in benzene solution with the solvent molecules. As stated above, in dichlorobutine the distance between the two chlorine atoms is larger than the diameter of benzene molecule, so that the special association such as found in dichloroethane may not take place in this case.
The details will be published elsewhere in the near future. We are grateful to Professor O. Shimamura for his kindness in preparing the sample of dichlorobutine. 
I
T has been shown by Dennison and his co-workers1.2 that in gaseous methyl alcohol, the OH group executes a hindered rotation (or libration) about the CO axis and that the height of the potential barrier hindered free rotation is about 380 cm-1 (1.1 kcal/mole). If one regards this motion as a libration, then the value of the corresponding normal frequency is approximately 225 em-I. However, the motion is far from simple harmonic, and the infrared absorption due to this lib ration extends from about 700 cm-l to below 50 cm-1 for isolated CH 3 0H molecules in the gaseous state. When methyl alcohol is in the liquid state, where it is known that hydrogen bonding exists between the OH groups of 
neighboring molecules, it is to be expected that the hindred rotation will be completely inhibited and this motion will now more closely resemble the usual type of fundamental vibration. One would also anticipate that the value of the fundamental frequency would be very much greater than 225 em-I, since the restoring forces will have increased considerably.
Investigation of the infrared spectra of a series of alcohols reveals a broad absorption band starting about 800 em-I, reaching a maximum near 670 cm-l and extending to beyond 500 em-I. If, by deuteration, the OH group is converted into an OD group, this band is found to shift to lower frequencies, the maximum now being found close to 475 cm-I in the case of methyl alcohol (Fig. 1) . Since the ratio of the frequencies of maximum absorption is almost exactly Y' 1, the 670 cm-I band must be due to a pure deformation vibration of the OH group. It seems most probable that it is the deformation vibration in which the hydrogen moves at right angles to the COH plane, i.e., the motion which in this gaseous state becomes the hindered rotation of the OH group.
If the hydrogen bonds are now broken up by diluting the alcohol to a low concentration in carbon disulfide or carbon tetrachloride, one would expect the 670 cm-l band to disappear and be replaced by a band at lower frequencies. The effect of dilution on this band in CH30H and CHaOD is also illustrated in Fig. 1 . This dilution effect has been checked for a large number of alcohols. It will be seen that the intensity of this band does decrease enormously when the molar concentration is lowered to a point where the degree of hydrogen bonding is known to be low from studies on the OH stretching frequency near 3250 em-I. It has not yet been possible to determine where this band moves to on dilution, but studies are being continued in the low frequency region. It is interesting and significant that this 670 cm-l band has a broad diffuse shape, very similar in extent to the well-known hydrogen-bonded OH stretching frequency near 3250 em-I.
The effect of hydrogen bonding on the in-plane OH deformation vibration has also been studied. The results here are not so straightforward and will be presented in a subsequent publication. where ep(r) is the configurational distribution function for a molecule in its cell, and the terms in E, the energy with all molecules at their cell centers, are omitted since it is here zero.
Wood has considered a face-centered cubic lattice and chosen as the cell the dodecahedron A of Buehler et aI. 3 The nearest neigh- (2) will hold for other types of molecular packing where it is possible to define and estimate a free volume; that is, in those cases where the potential within the cell is uniform and is effectively infinite at the boundary. In the case of cubic packing where one molecule may be considered oscillating at the origin, with the six nearest neighbors regarded as fixed in their mean positions along three axes, the free volume per molecule may easily be shown to be vl=8(vl-ro)3, (3) where v is the mean volume per molecule and 1'0 the diameter of the molecule. It is reasonable that Eq. (3) will hold approximately for other kinds of molecular packing with the "8" replaced by a different constant.
Thus, one might conclude that the solution (2) T HE theory of spectroscopic moments devised by PlaW has been used by him for the experimental determination of the even-odd (g-u) character of electronic wave functions of excited singlet states of centrally symmetric molecules.2.3 One feature of this theory is the prediction that the absorption intensities of "forbidden" even-even (g--->g) electronic transitions in centrally symmetric molecules are not affected by opposed disubstitutions, such as, for example, 2,6-dimethyl substitution in naphthalene. The purpose of this letter is to point out that (a) the above prediction is strictly valid only to within the limits of the Born-Oppenheimer approximation (neglect of perturbations of electronic wave functions by nuclear vibrations) and (b) by inclusion of corrections to this approximation in the spectroscopic moment theory, it is possible to obtain an improved prediction of intensity changes of g--->g transitions produced by opposed disubstitution in centrally symmetric molecules. Failure of a transition of unknown symmetry to conform at least qualitatively to this new prediction for g-->g transitions can be taken as evidence that the transition is not g--->g but g-->u.
The absorption intensity which a g--->g transition "steals" from a strongly allowed g--->u transition can be approximated by firstorder perturbation theory. This stolen intensity depends in part on the difference in energy of the g and u excited states. Disubstitution can change this energy difference and thereby change the g-->g transition intensity. A simplified calculation shows that the equation, (1) relates the intensity (EO) of the g--->g transition in the unsubstituted molecule to the intensity (E) of this transition in the disubstituted molecule. In Eq. (1) , v is the frequency separating the g and u electronic states, and ~v is the change of this frequency produced by opposed disubstitution. More detailed expressions relating E and EO can be derived, but for many molecular spectra it appears reasonable that v can be taken as the frequency separating a 0, 1 vibrational state of the weak transition (whose excited state symmetry is to be determined) and a 0, ° vibrational state of a strong allowed g->u transition; E and EO in Eq. (1) then apply the intensities of the 0, 1 band of the g--->g transition.
Equation (1) predicts that on opposed disubstitution the intensity of a g-->g transition will (a) decrease if ~v is positive, (b) increase if ~v is negative, or (c) remain practically unaltered if (~v/v)«1. Sufficient experimental data are not available for an adequate test of these predictions. It is noteworthy, however, that the effect of opposed dimethyl substitutions in naphthalene on the intensity of the 'A -'Lb transition cannot be accounted for by Eq. (1); this result is consistent with the previously assigned u symmetry of this 'Lb excited state.,,3,4 Also, 9, to-dimethyl substitution in anthracene decreases the intensity of the IA -'Cb transition to an, extent compatible with Eq. (1); this result is consistent with the previously assigned g symmetry of the ICb state of anthracene at 45,000 cm-I and the assumption that the ICb state steals intensity from the nearby strongly allowed IBb (u) state at 39,500 cm-I .3,4 Further discussion of these predictions will be deferred until more data are available.
